Seed isoflavone content of soybean (Glycine max L. Merr.) is a trait of moderate heritablity and an ideal target for marker selection. To date over 20 QTL have been identified underlying this trait among seven populations. The objectives of this study were to identify additional QTL and candidate genes controlling isoflavone content in a set of recombinant inbred line (RIL) population of soybean grown in two different seasons. Variations of isoflavones namely daidzein, glycitein and genistein contents over two growing seasons and locations suggests that isoflavones are influenced by both genes and environments. Six QTL were identified on five different chromosomes (Chr), or linkage groups (LG), that controlled daidzein (Chr 2/LG M; Chr 17a/LG D2), glycitein (Chr 2/LG D1b; Chr 8/LG A2) and genistein (Chr 8/LG A2; Chr 12/LG H) respectively in the seeds grown in season 2010. Two QTL were identified for daidzein (Chr 6/LG C2; Chr 13b/LG F), two QTLs for glycitein (Chr 1/LG D1a; Chr 17c/LG D2) and five QTLs for genistein (Chr 3/ LG N; Chr 8/LG A2; Chr 9/LG K; Chr 18/LG G) in the seeds of the 2011 growing season. Genes located within QTL confidence intervals were retrieved and gene ontology (GO) terms were used to identify those related to the flavonoid biosynthesis process. Twenty six candidate genes were identified that may be involved in isoflavones accumulation in soybean seeds.
Materials & Methods

Back ground and Objective
Plant Material Isoflavones Quantification and data analysis
Fifty recombinant inbred line (RIL) of soybean derived from a cross between the cultivars PI 438489B and Hamilton was grown in two different seasons and locations (FSU campus, Fayetteville, NC -2010 and Saint Pauls, NC -2011) . Isoflavones were quantified using HPLC; Daidzein, glycitein, and genistein standards (Chromadex, Irvine, CA) were used. Combined analyses of variance via GLM procedure of SAS was used interactions between genotypic effect of RILs and growing seasons or locations from the isoflavones data. Genetic map and QTL identification DNA of RIL populations was genotyped using the 1,536 Universal Soy Linkage Panel 1.0 (Hyten et al., 2010) . The genetic linkage map (Kassem et al., 2012) was computed using Join-Map 4.0 software and Win-QTL Cartographer version 2.5) was used for map QTL. Composite interval mapping (CIM) was performed preferring the option Model 6 and its default settings. LOD cutoff value at P ≤ 0.05 was selected for QTL significance by performing 1,000 permutations (Akond et al., 2012) . Analysis of QTL Regions for Candidate Genes QTL bounded SNPs (two SNP) harboring sequences were found in Glycine max genome. Soybean predicted coding DNA sequences (CDS) from QTL regions were retrieved from the www.phytozome.net/soybean website and were annotated by querying them against the plant proteome using Blastx (Blastx, e-value < e -6 ). The Gene Ontology (GO) system was used for functional classification of each gene. Annotation categories were parsed to identify genes from the flavonoid biosynthesis pathways.
Previous studies showed that seed isoflavones contents fluctuates within cultivars, growing seasons, and environments (Lee, & Chung, 2008) . Selection soybean cultivar for highisoflavone content is one of goal to the breeders. To date, genetic linkage analysis has been used to identify loci for isoflavones in two or more populations. However, it is likely that the genetic map locations of all quantitative trait loci (QTL) associated with isoflavone content have not yet been determined. However, imbedding of the genetic maps and QTL on soybean genome sequence allows identifying genome regions that contained hundreds of genes. Functional annotations can be applied in order to reduce the number of candidate genes. Identification of more QTL and candidate genes will enhance the marker assisted selection (MAS) for genetic improvement of soybeans. The objectives of this research were; (1) to map additional QTL controlling isoflavone contents in soybean; and (2) to identify candidate genes underlying the QTL intervals using annotation based enrichment tools and Gene Ontology databases. 
Results
Analysis of QTL Regions for Candidate Genes
Twenty eight genes involved in flavonoid biosynthesis pathways (Table 4) which would influence isoflavones were found on seven different chromosomes. One gene encoded in Chr_8 (LG A2; glycitein), three genes in Chr_12 (LG H, genistein) and two genes in Chr_17a (LG D2, daidzein were within the (from 2010 data) QTL intervals. The second group of QTL (from 2011) contained ten genes likely to encode genistein synthesis (Chr_3/LG C2), eleven genes for daidzein (Chr_6/LG C2 and Chr_13b/LG F) and one gene for glycitein (Chr_17C/LG D2).
QTL for Seed Isoflavones Contents
Seven QTL for seed isoflavone contents was identified on 5 different linkage groups (LGs) or chrosomes (Chr) from the seeds grown in 2010 season at FSU campus, Fayetteville, NC (Table 3) . Nine QTL for seed isoflavone content was identified on nine different LGs/Chr from the seeds grown in 2011 season at Saint Pauls, NC (Table 3 ). The LOD scores of all QTL in 2010 and 2011 ranged from 2.6 to 5.3 and 2.51 to 7.87 respectively (Table 3 ). In the seeds of 2010 growing period, two QTL were identified each for daidzein (Chr_2/ LG M: qDaid001-2010 and Chr_17/LG D2: qDaid002-2010) and glycitein (Chr_2/LG D1b: qGly001-2010 and Chr_8/LG A2: qGly002-2010) (Table 3 . Three QTL were identified for genistein on Chr_8/LG A2 (qGen001-2010) and Chr_12/LG H(qGen002-2010 and qGen003). Among the seven QTL, one QTL (qGly002-2010/qGen001-2010) controls both glycitein and genistein contents (Table 3 , Figure 1 ). From the seeds of 2011 growing season at Saint Paul, two QTL were identified for daidzein (Chr_6/LG C2: qDaid001-2011 and Chr_13b/LG F: qDaid002-2011) and two QTL were identified for glycitein (Chr_1/LG D1a: qGly001-2011 and Chr_17c/LG D2: qGly002-2011). Five QTL for genistein (qGen001-2011 to qGen005-2011) were identified also on Chr_3/LG N, Chr_8/LG A2, Chr_9/LG K, and Chr_18/LG G.
Results
Daidzein contents were higher than parental means in both seasons/locations however glycitein and genistein were lesser. The variation for isoflavones among soybean lines over seasons and locations suggested that isoflavone contents were influenced by both location/environments and genes (Table 2) . 
